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Abstract 
The current study aimed to establish whether or not elite amateur golfers are able to manipulate the magnitude of spin 
imparted on short iron shots whilst maintaining the same total shot distance. Seven elite male golfers were each asked 
-iron shots, followed by ten with less spin and ten with more spin whilst not changing distance 
-marker motion-capture system and Doppler radar device were used to track 
clubhead presentation and ball flight respectively. ANOVA revealed that, as a group, players were able to 
 without affecting distance, but were unable to increase spin. 
Greater variability was seen amongst shots whereby players were attempting to influence spin. A subsequent 
regression analysis revealed that clubhead speed, spin loft and vertical impact location significantly contributed to the 
prediction of spin, whereas horizontal impact location and face-to-path angle did not. 
© 2013 Published by Elsevier Ltd. Selection and peer-review under responsibility of RMIT University 
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1. Introduction 
The rate of spin for an iron shot is evident 
and its subsequent effect upon landing. In terms of golf ball aerodynamics, greater spin increases both lift 
and drag coefficients [1, 2] which contribute to the shape of the flight in the vertical plane and therefore 
carry distance. Should the axis about which the ball is spinning be tilted, the direction of the lift force will 
cause the ball to curve off line [3]. 
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landing, Roh & Lee [4] modelled the impact between ball and turf using inbound spin, inbound angle, 
coefficient of friction etermine outbound angle and spin. Demonstrating the 
model using a range of inbound spin (7040-7800 rpm), it was shown that lower spin tends to result in a 
forward bounce and roll, whereas higher spin tends to produce either a backwards bounce (high friction), 
or forward bounce(s) followed by backwards roll (low friction). A predominantly experimental study by 
Haake [5] broadly characterised greens into two categories  greens (typically 
harder, lower traction and moisture content) the ball rebounded at a shallower angle and retained some 
degree of backspin, whereas on greens (softer, greater traction and moisture content), the ball 
typically rebounded at a steeper angle and with topspin. Subsequent modelling of the ball-green impact 
for 5-iron and 9-iron shots by Haake demonstrated that a given change in inbound spin produced a greater 
 an effect 
that was further exaggerated for the modelled 9-iron shots (relative to the 5-iron). 
The influence of equipment on spin generation has been well covered in past research. Models and lab-
based testing have shown spin to correlate positively with inbound velocity [6] and inbound angle, i.e. 
more oblique impacts result in more spin [7, 8]. Monk et al. [9] demonstrated that more spin could be 
generated using a polyurethane-covered golf ball compared to an ionomer-covered ball, as well as 
quantifying the influence of club face roughness on spin. Under certain circumstances, groove design can 
also influence spin generation [10]. These studies demonstrate that for a given iron shot, a player can 
control spin to a certain degree by selecting an appropriate club e.g. one with more loft, however golf 
clubs with more loft also tend to be shorter in (shaft) length and therefore typically hit the ball a shorter 
distance. If a golfer wished to play a short shot with low spin they would have to do so by swinging the 
club in a modified fashion. It has not yet been established whether golfers can reliably achieve this. 
The aims of the current study were to establish whether elite golfers are able to control the spin for an 
iron shot, and if so, whether or not they can do so independently of changing distance (i.e. hit different 
shots the same distance with different amounts of spin). If the tested players could achieve this, the 
mechanisms employed in doing so would be explored. 
2. Methods 
2.1.  Experimental design 
The subject group was comprised of seven right-handed male golfers (mean ± SD: 21.6 ± 2.1 years, 
handicap -3.3 ± 0.5), all of whom played competitive elite-level amateur golf. Players were asked to 
perform ten shots under each of three conditions, namely normal, low and high spin. Players were first 
-iron shots towards a predefined target, which represented the normal 
condition. Subsequently players were asked to hit ten more shots the same total distance but with less spin 
relative to the normal condition, as well as ten shots of the same distance but with more spin relative to 
the normal condition. These two sets of shots represented low and high conditions respectively. The 
normal condition was always performed first; however it was left to preference as to the 
order in which they attempted the low and high conditions. All shots were performed outdoors from 
closely-mown natural turf. 
2.2.  Instrumentation 
- -irons, 9-irons and pitching wedges of the same model were built to the 
°/62.5°/63°, loft 
38°/42°/46°). All clubs were shafted with the same model of steel shaft. All shots were performed using 
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the same model of premium urethane-covered commercially-available golf ball. Ball flight and launch
data were recorded using a commercially available Doppler radar device (ISG, Denmark). Three Oqus
300+ cameras (Qualisys AB, Sweden) were used to track spherical toe, heel and hosel markers mounted
on each of the test clubs. The target line of the radar device was aligned with the coordinate system of the
motion capture system during a calibration routine. Each trial was tracked at 1000 Hz and a minimum of 
ten frames captured immediately prior to impact were used for analysis. A small piece of reflective tape
- The recorded pre-
impact frames were processed using a bespoke Matlab script, as described by Betzler et al. [11], which
enabled the calculation of numerous clubhead presentation parameters and ball impact location on the
club face. Given that the script used by Betzler et al. was designed for use with drivers, some adaptations
were necessary to enable compatibility with irons to account for the flat face of the clubs used herein.
Fig. 1. a selection of measurable clubhead presentation parameters.
2.3. Statistical analysis
In testing the research questions, a first ANOVA was used to evaluate whether or not condition
(independent variable with levels normal, low and high) had a significant effect on launch spin
(dependent variable), whilst a second would establish whether condition had a significant effect on total
distance. Subsequent pair-wise comparisons would reveal the individual differences between normal, low
and high conditions. A backward multiple regression analysis was then used to reveal the significant
predictors of spin amongst the measured clubhead presentation variables. The removal criterion was p >
.05. In addition to clubhead speed and impact location, the regression analysis was based on spin loft, 
namely the difference between attack angle and effective loft, and face-to-path, namely the difference
between face angle and club path. It was thought that spin loft and face-to-path would act as better
predictors of spin given that they are essentially measures of the obliquity of impact in vertical and
horizontal directions respectively. All statistical analyses were performed using SPSS v.19 (IBM
Corporation, Armonk, NY).
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Table 1. Parameter definitions and conventions. 
N.B. a Determined by radar device, b determined by motion capture system, c distance from the geometric centre of sandblasted area. 
3. Results 
3.1. Descriptive statistics 
Initial inspection of the mean values across conditions appeared to show a decrease in spin and a slight 
increase in distance for the low condition relative to the other conditions. ANOVA was used to determine 
whether these differences were significant. 
Table 2. Means ± SD at the group level for selected ball launch and clubhead presentation parameters by condition. 
 Low (n = 69) Normal (n = 67) High (n = 69) 
Spin (rpm) 7379 ± 885 8495 ± 627 8582 ± 1081 
Launch angle (°) 14.9 ± 2.1 18.0 ± 1.8 18.7 ± 2.3 
Angle of ball descent (°) 45.1 ± 5.0 51.6 ± 3.0 52.4 ± 3.0 
Clubhead speed (mph) 82.5 ± 5.0 87.0 ± 3.5 88.7 ± 3.7 
Angle of attack (°) -8.2 ± 2.1 -6.9 ± 1.3 -6.8 ± 1.7 
Effective loft (°) 26.1 ± 2.7 30.0 ± 1.5 30.6 ± 2.1 
Club path (°) 4.4 ± 1.3 3.6 ± 1.8 1.4 ± 3.1 
Face angle (°) 1.6 ± 2.0 0.9 ± 1.6 -0.2 ± 2.4 
Total distance (yards) 138.2 ± 9.2 135.9 ± 7.7 136.2 ± 8.2 
3.2. ANOVA 
differed significantly between conditions (p = .002) 
therefore homogeneity of variance could not be assumed for spin. Although ANOVA is widely 
considered robust when sample sizes are large, guard against inflated 
Type I error rates associated with such unequal variances. The resulting ANOVA revealed a significant 
effect of condition on launch spin, F (2, 129.0) = 41.2, p < .001, adj. R2 = .273. Given the 
inability to assume homogeneity of variance but relatively large sample size, Games-Howell was 
considered the most appropriate post-hoc test. It was found that spin in the low condition was 
significantly less than that in both normal (p < .001) and high (p < .001) conditions, however there was no 
difference in spin between normal and high conditions (p = .836). Equality of error variances could be 
 Reference Description and sign convention 
Launch spin (rpm) None (scalar) Total spin about the spin axis 
Launch angle (°) Global horizontal (x-y) planea Positive: Upwards 
Angle of ball descent (°) Global horizontal (x-y) planea 0°: parallel to ground, 90°: vertical landing 
Total distance (yards) None (scalar) Bounce and roll modelled by radar device 
Clubhead speed (mph) None (scalar) Average of three tracking markers 
Angle of attack (°) Global horizontal (x-y) planeb Negative: Downwards (club descending into ball) 
Effective loft (°) Vertical (y-z) plane perpendicular to the target lineb Positive: Face normal points upwards 
Club path (°) Target line (x-axis) Positive: Right (in-to-out for a right-handed golfer) 
Face angle (°) Target line (x-axis) Positive: Right -handed golfer) 
Horizontal impact location (mm) Parallel to groovesc Positive: Towards heel 
Vertical impact location (mm) Perpendicular to groovesc Positive: Towards top line 
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assumed for total distance therefore no correction of F was necessary. The second ANOVA revealed that 
total distance did not differ significantly between conditions, F (2, 202) = 1.44, p = .239, adj. R2 = .004. 
3.3.  Exploratory regression analysis 
Clubhead speed, face-to-path, spin loft, horizontal impact location and vertical impact location were 
entered into the backwards regression model predicting spin. The variable first removed due to non-
significant contribution to was face-to-path (p = .068), followed by 
horizontal impact location (p = .066). 
Table 3: Unstandardised beta (b), standard error of the unstandardised beta (SE b), standardised beta ( ) and p-values for the final 
regression model (adj. R2 = .549). 
4. Discussion 
At the group level players in the sample group were able to control the magnitude of launch spin on 9-
iron shots. Whilst players were able to reduce spin relative to a normal  shot, they were not able to 
increase spin relative to the same shot. Although shots in the low condition averaged approximately 
2 yards further than normal and high conditions, the variance was such that total distance was deemed not 
to have differed significantly between conditions. Although the angle of descent (which incidentally was 
shallower for the low condition) and nature of the turf would also be factors, players in the current study 
were able to reduce spin by approximately 1000 rpm, which, given the work of Roh & Lee [4]  who 
demonstrated differences at 760 rpm, represents enough to see a considerable change in the behaviour of 
the ball upon landing. 
The discrepancies in variance between normal, low and high conditions suggest, perhaps 
they were trying to manipulate the flight of the golf ball. Variance in the data was further inspected using 
median absolute deviation (MAD), a measure less susceptible to the influence of outliers than mean based 
measures. MADs for spin were calculated for each player in each condition and ANOVA was performed 
to see whether they differed between conditions. There were no significant differences between 
conditions when using MAD as a measure of variance, suggesting that the aforementioned differences in 
variance between conditions may be due to a small number of outliers as opposed to a larger trend. 
The regression analysis revealed that neither face-to-path nor horizontal impact location significantly 
assisted the model in the prediction of spin. Incidentally, a strong correlation between face-to-path and 
r = .741) may have caused issues with multicolinearity should they both have been 
included in the final model. Given that no direct relationship between horizontal variables and total spin 
has been demonstrated in the past, there seems to be no further reason to believe that a significant one 
exists in light of the current results. The final regression model accounted for 54.9% of the variation in 
spin and incorporated clubhead speed, spin loft and vertical impact location. The unstandardised b
final regression model show that spin increases with both greater clubhead speed and spin loft, which 
agrees with existing literature [6, 7, 8] given that spin loft is essentially a measure of the obliquity of 
Predictor variable b  SE b  p 
Constant -6299.5 955.1 - .000 
Clubhead speed 93.7 11.4 .423 .000 
Spin loft 174.7 22.0 .416 .000 
Vertical impact location -32.0 10.3 -.150 .002 
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impact. The standardised show that the effect size of clubhead speed and spin loft on the model was 
approximately equal. Spin appears to generally increase for impacts lower on the face, however this 
contributes less to the model than the other two variables. The application of this relationship between 
vertical impact location and spin arguably means less from a teaching standpoint in that asking a player to 
reliably manipulate impact location is perhaps unrealistic, whereas changing clubhead speed and spin loft 
are more achievable and effective methods of controlling spin. 
The descriptive statistics suggest that players both reduced their clubhead speed and spin loft in 
achieving reduced spin in the low condition. In addition to launching with less spin, the ball launched 
lower in the low spin condition, as well as landing with a shallower angle. Interestingly, angle of attack 
became steeper in the low condition, something that is counter to anecdotal wisdom that hitting down 
 generates more backspin. A player could therefore swing more slowly to reduce 
spin, however if they wish to counteract the reduced distance that this would result in, they should also 
reduce spin loft. The reduction in spin loft (which at the group level was primarily a result of reducing 
effective loft) could be achieved by delofting the 9-iron, or by changing to an 8-iron. In the current study, 
five of the seven tested players used an 8-iron for the low condition. 
5. Conclusion 
The group of players tested was able to control the launch spin of short iron shots independently of 
distance, although -iron shot. Smaller 
variance in spin amongst shots hit under the normal condition indicates that players were less consistent 
when trying to change the amount of spin, however this could have been due to occasional errant shots as 
opposed to a more general trend. Clubhead speed and spin loft were confirmed as the clubhead 
presentation parameters as having greatest effect on launch spin, whilst vertical impact location also 
contributed significantly to its prediction. 
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